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Purpose: The purpose of this study was to characterize the distribution of aortic wall 
microvessels in normal aorta, atheroocclusive disease (AOD), and abdominal aortic 
aneurysms (AAA) and to evaluate whether medial neovascularization (MNV) is a reliable 
histopatholo 81"c marker of ane urysmal de generation . 
Methods: Aortic tissue specimen s (9 normal, 10 AOD, and 10 AAA) were examined for 
elastin with Verhoeff-van Gieson stain and for Ulex europaeus type I lectin, an 
endothelial-specific antigen, and laminin, a marker of basement membranes, by immu- 
nohistochemistry. The density of MNV wa s determined by morphometry of aortic sections 
stained for endothelium. The spatial distribution of aortic microvessels was compared with 
that of elasfin destruction and chronic inflammation. 
v~s,,tts: Eviaence of medial neovascularization was generally not observed in normal aorta 
or AOD, whereas AAAs showed strong spatial correlations between MNV, disruption and 
dCgradationl of e las~, and chronic inflammation in the outer aortic wall. Several 
specimens of AOD had focal areas of MNV associated with localized elastin fragmentation 
and monoc),ic infiltration located at the interface between the atheroselerotic plaque and 
the inner media. The density of MNV was about fifteenfold higher in AAA compared with 
normal aorta and about: threefold higher compared with AOD (microvessels per 
high-powerfield): normal aorta, 0.77 +- 0.28; AOD, 3.40 -+ 0.51; AAA, 11.32 -+ 1.58 
(ANOVA, p < 0.001)i 
Conclusions: The presence and density of MNV in the abdominal aorta is a consistent 
histopathol6gic marker of aneurvsmai degeneration that is spatially correlated with the 
destruction_of elastin and chronic inflammation. The observation of focal MNV in some 
specimens of AOD, associated with partial elastin disruption, raises the possibility 
that early Changes Of aneurysm disease might develop by an extension of angio- 
genic/inflammatory processes from the atherosclerotic plaque into the aortic media. 
(J VASC SURG 1995;21:761-72.) 
Abdominal aortic aneurysms (AAA) are charac- 
terized by transmural alterations in the aortic wall 
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leading to decreased tensile strength, progressive 
dilation, and eventual rupture.! Although AAA are 
almostalways associated with aortic atherosclerosis, 
the specific etiologic relationship between atheroscle- 
rosis and aneurysms remains unproven and contro- 
versial. 2,3 In this regard, the histopathology of aortic 
aneurysms is distinguished :from that of  aortic 
atheroocclusive disease (AOD)by  disruption and 
degradation of  medial elastin, immune and inflam- 
matory cell infiltration of  the outer aortic wall, and 
periadventifial neovascularization. 4 In particular, the 
structural and functional oss of  elastic structures 
underscores the unique pathophysiologic processes 
that occur in aneurysms as compared with occlusive 
atherosclerosis alone. 5-s 
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To elucidate the underlying cause of AAA, basic 
investigations on the pathobiology of aneurysms 
have focused on enzymatic activities capable of 
degrading elastin, as well as the cell types responsible 
for local expression of elastolytic proteinases. 9 Serine 
elastases, m plasminogen activators, n and matrix 
metalloproteinases 121s have all been reported in 
established AAA. Tissue macrophages are a signifi- 
cant component of the inflammatory response in the 
aneurysmal aortic wall, 9 and aneurysm-infiltrating 
macrophages have been associated with the produc- 
tion of both urokinase-type lasminogen activator H 
and the elastolytic metalloproteinase 92-kDa gelati- 
nase} s In addition to macrophages, however, other 
aortic wall cell types capable of producing elastolytic 
proteinases include vascular endothelial cells (EC), 16 
smooth muscle cells (SMC), 17 fibroblasts, 18or other 
cell types} 9 Based on current evidence, it is possible 
that such resident cell types are responsible for 
initiating medial elastin degradation in the early 
stages of aneurysmal degeneration and that the 
immune/inflammatory response subsequently occurs 
as a later, secondary event. This is supported by the 
finding that soluble elastin-degradation peptides are 
chemotactic for monocyte/macrophages, 2~ sug- 
gesting that elastin degradation itself may indeed 
produce alocalized inflammatory esponse. Thus the 
specific cell type(s) initiating elastin degradation 
during the early development of aneurysms remains 
an important but unresolved question. 
The observation that AAA are associated with 
proliferation of the vasa vasorum has suggested that 
angiogenesis might be related to the development 
and progressive growth of aneurysms. 14Indeed, the 
response of vascular EC to angiogenic factors in- 
cludes the expression of matrix-degrading protein- 
ases, 16'22 such as those produced and secreted by 
human AAA tissues. Immunolocalization studies 
indicate that at least some matrix metalloproteinases 
produced in aneurysms are associated with the 
proliferative vasa vasorum. 14 Vascular EC therefore 
are attractive candidates for a cell type possibly 
making early and sustained contributions to aneu- 
rysm development, particularly where neovascular- 
ization occurs in close spatial proximity to the elastic 
structures of the aortic media. 
These considerations prompted our interest in 
more clearly defining the interactions between an- 
giogenesis, inflammation, and the disruption and 
degradation of medial elastin in atherosclerotic and 
aneurysmal disease of  the abdominal aorta. The 
purposes of this study were to characterize the 
patterns of microvessel distribution in normal, athe- 
roocclusive, and aneurysmal abdominal aorta, to 
compare these patterns of neovascularity with other 
cellular and morphologic hanges in the pathologic 
aortic wall, and to specifically evaluate medial neovas- 
cularization (MNV) as a histopathologic marker of 
aneurysmal degeneration. We report here new mor- 
phologic findings supporting the view that aneurys- 
mal degeneration is associated with angiogenesis 
within the elastic media. 
MATERIAL AND METHODS 
Aortic tissues. Aortic tissue specimens were 
obtained in the operating room from nine normal 
organ transplant donors and 20 patients undergoing 
aortic reconstruction for either AOD (n = 10) or 
AAA (n = 10), under a protocol approved by the 
Institutional Review Board at Washington Univer- 
sity School of Medicine. Full-thickness pecimens 
were taken from the anterolateral infrarenal abdomi- 
nal aortic wall. Tissues from normal organ donors 
were selected to be free of visible atherosclerosis, and 
specimens from AAA were taken directly from the 
aneurysm wall. In each case classified as AOD, tissue 
was taken from a grossly atherosclerotic infrarenal 
aorta during the conduct of the proximal anastamosis 
of a prosthetic aortobifemoral bypass, and specimens 
were examined histologically to verify the presence of 
severe occlusive atherosclerosis. Specimens were fixed 
overnight in 10% neutral buffered formalin at 4 ~ C 
and processed for routine embedding in paraffin. 
Serial sections were cut at 5 ~m and attached to glass 
slides. Sequential tissue sections were stained with 
hematoxylin and eosin or Verhoeff-van Gieson for 
elastin or were processed for immunohistochemistry. 
Immunohistochemistry. Sections were depar- 
affinized in Americlear (Baxter Diagnostics, Earth 
City, Mo.) and rehydrated through a series of graded 
ethanols (100% to 30%) to phosphate-buffered 
saline solution, pH 7.4 (PBS). After washing in PBS 
for 10 minutes, endogenous peroxidase activity was 
blocked with 0.3% hydrogen peroxide in methanol 
for 30 minutes. To block nonspecific binding, 
sections were incubated in normal goat serum for 30 
minutes at room temperature. For identification of 
microvascular EC, sections were incubated with Ulex 
europaeus type I lectin (1 : 100; Dako Co., Carpente- 
ria, Calif.), washed with PBS, and incubated with 
peroxidase-conjugated rabbit anti-Ulex europaeus 
type I lectin (1 : 50; Dako CO.), each for 30 minutes 
at room temperature. Immune complexes were 
visualized after incubating with diaminoben- 
zidine/H20 2 to yield a brown reaction product, and 
sections were counterstained with hematoxylln. Con- 
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trol sections were incubated with normal rabbit 
serum. To confirm the specificity of microvessel- 
associated EC staining with Ulex europaeus lectin, 
additional sections were stained with a basement 
membrane-specific antilamimn monoclonal anti- 
body (L-8271; Sigma, St. Louis, Mo.) with the 
avidin-biotin-alkaline phosphatase t chnique. Tissue 
macrophages were identified by staining with the 
macrophage-specific CD-68 monoclonal antibody 
(Dako Corporation, Burlingame, Calif.) by use of 
alkaline phosphatase/anti-alkaline phosphatase t ch- 
nique as described by the manufacturer. 
Vessel counting and statistical analysis. With 
tissue sections stained for EC bv Ulex europaeus lectin, 
morphometric assessment of MNV was made by 
light microscopy as adapted from Weidner et al. 23 
and Vacca et al. 24 For each of five contiguous 400 • 
hi h- ower fields (HPF) within the media of each g P 
section (each HPF covering an area of 8 75 • 10 -2 
mm2), capiUary density wasrecorded asmicrovessels 
per HPF, with individual vessel counts made by two 
independent observers. Any positive-staining EC or 
endothelial cluster that was clearly separate from 
adjacent cells was counted as a single microvessel. 
Microvessels extending into two or more adjacent 
fields were counted only once. Vessel lumens were 
not necessary to determine the presence of a mi- 
crovessel, and vessellike structures containing red 
blood cells but lacking positively-stained EC were not 
counted as microvessels. The mean vessel count for 
each specimen was determined, and the overall mean, 
standard error of the mean (SEM), and range of 
vessel counts for each type of aortic tissue were 
determined and compared by a randomized one-way 
analysis of variance (ANOVA) and the Student- 
Newman-Keuls test. 2s 
RESULTS 
The clinical and pathologic features of the pa- 
tients from whom tissue was obtained were repre- 
sentative of normal organ transplant donors (six men 
and three women, mean age 36.4 +_ 4.4 years) and 
patients requiring aortic reconstruction for AOD 
(three men and seven women, mean age 54.7 +- 3.0 
years) or AAA (eight men and two women; mean age 
70.0 z 2.1 years). None of the patients had a family 
history of AAA. Routine histologic study and his- 
tochemical staining for elastin demonstrated charac- 
teristic patterns for each of the three clinically-defined 
types of aortic tissue (Fig. 1). In comparison to 
normal aorta, specimens of AOD typically had 
marked thickening of the intima with atheromatous 
degeneration, cholesterol clefts, ectopic calcifica- 
tion, and in some specimens, mural thrombus. By 
Verhoeff-van Gieson staining for elastin, the elastic 
media was entirely intact in eight of the 10 AOD 
specimens examined. Two of the AOD specimens 
examined had focal areas of partial elastin disruption 
at the interface between the diseased atherosclerotic 
intima and the elastic media. In all 10 specimens of 
AAA, the arterial wall was characterized by intimal 
atherosclerosis, the virtual absence of elastin in the 
media, and dense inflammatory, infiltrates in the outer 
aortic wall, as well as mural thrombus. 
Immunoperoxidase staining for EC by use of Ulex 
europaeus lectin showed that the three types of aortic 
tissue had distinctly different patterns of microvessel 
localization within the aortic wall (Fig. 2). Sections 
of normal abdominal orta showed EC staining only 
along the intact intima and in the adventitial vasa 
vaso~m, with essentially no microvessels observed 
Within the aortic media. In AOD, occasional EC 
staining was seen w!thin the diseased intima, sug- 
gesnng an anglogemc response associated with the 
base of the atheromatous plaque. No significant 
increase in the density or pattern of endothelial 
staining was associated with adventitial vasa va- 
sorum, and in eight of 10 AOD specimens, few if any 
microvessels were detected within the elastic media. 
In all 10 AAA specimens, pronotmced neovascular- 
ization was seen in the media nd periadventitial areas 
of the aortic wall, associated with chronic inflamma- 
tion and the complete destruction ofelastin (Fig. 3). 
In each tissue stained for EC, essentially identical 
histochemical patterns were observed with antilami- 
nin antibodies to localize vascular basement mem- 
branes (Fig. 3,C). The two specimens of AOD 
containing focal areas of elastin disruption and 
degradation also had pronotmced staining for mi- 
crovascular endothelium within the media, occurring 
in direct continuity with the sites of disrupted medial 
elastin (Figs. 4, 5, and 6). 
To assess MNV as a histopathologic marker of 
aneurysmal degeneration, morphologic vessel counts 
were recorded with use of Ulex europaeus lectin- 
stained sections for each specimen of aortic tissue. 
The range of medial microvessels counted for each 
tissue type was 0 to 2.4 for normal aorta, 0.6 to 5.6 
for AOD, and 6.6 to 23.8 for AAA, such that any 
specimen with greater than six microvessels per HPF 
was predictably from AAA (Fig. 7). Overall, the 
mean density of MNV was about fifteenfold higher in 
AAA compared with normal aorta and about hree- 
fold higher compared with AOD (microvessels 
per HPF, mean + SEM): normal aorta, 0.77 + 
0.28; AOD, 3.40 + 0.51; AAA, 11.32 + 1.58. By 
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Fig. 1. Representative sections of normal (A), AOD (B), and AAA (C) tissues stained for
elastin. Aortic wall is shown in cross-section with lumen indicated (L). Panels D, E, and F 
demonstrate high-power views of media corresponding to each section above. Whereas normal 
medial structure is largely preserved in AOD, extensive destruction of elastin is seen in AAA. 
Chronic inflammatory cell intikrates are also typically seen in outer aortic wall of AAA. 
Verhoeff-van Geisen; original magnification x 40 (A-C), x 400 (D-F). 
ANOVA and Student-Newman-Keuls te t, the dif- 
ference in the density of medial microvessels between 
AAA and the two other tissue types was highly 
significant (p < 0.001). Apart from the classification 
of tissue specimens, there was no significant differ- 
ence in the degree of aortic MNV based on sex (men, 
5.40 + 1.04; women, 5.23 + 1.90), and no specific 
correlation was observed with age. 
Immunohistochemical staining also revealed a 
close spatial correlation between aortic wall neovas- 
cularization and inflammatory infiltration, of which 
most cells were monocyte/macrophages and lympho- 
cytes. In eight of the 10 AOD specimens, inflamma- 
tory cells were associated with microvascular EC 
within the diseased intima but were absent from 
the media. In AAA, areas of the outer aortic 
wall containing dense inflammatory infiltrates were 
closely correlated with the presence of neovascular- 
ization, as well as the absence of elastin. In the two 
AOD specimens containing focal elastin degradation 
and MNV, clusters of tissue macrophages and 
lymphocytes infiltrated the inner media in close 
proximity to proliferative EC (Fig. 6). 
DISCUSSION 
Angiogenesis is a fundamental component of 
normal and pathologic tissue remodeling processes 
and is characterized by EC proliferation, migration, 
and formation of new capillaries, z6 Because normal 
adult endothelium is generally quiescent, z7EC pro- 
liferation associated with angiogenesis is believed to 
be stimulated by soluble peptide mediators, such as 
basic fibroblast growth factor, interleukin-8, and 
vascular endothelial cell growth factor. 28'29 In addi- 
tion to cell growth, the response of EC to angiogenic 
factors also involves increased production of connec- 
tive tissue-degrading proteolyfic activities, 16,22 in- 
cluding urokinase-type plasminogen activator and 
members of the matrix metalloproteinase family. The 
activities of these proteinases are believed to aid 
endothelial migration through capillary basement 
membranes and other components of the extracellu- 
lar matrix. In rheumatoid arthritis, solid tumor 
growth, and other pathologic Conditions associated 
with angiogenesis, excessive EC production of matrix 
proteinases has been suspected to play a role in 
progressive connective tissue injury and the recruit- 
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Fig. 2:RepresenratiV4 secfi0~s 9ffiormai (A, Di E), AOD (B), and AAA (C, F) stained for 
vascular EC.I Only !umena! EC (D) and advenfifia! vaSa vasorum (E) are identified in normal 
aorta. Mild neovascularizati0n at base Of atherosclerotic plaque is occasionally seen in AOD (B), 
whereas dens e ne0vasc~larizati0n mroughout aorti c waHii s typical of AAA (C, F). Immuno- 
peroxidase for Ulex europaeus lectin; 0riginal magnification • 40 (A-C), • 200 (D-F). 
ment of an inflammatory esponse. 2sIn this context, 
antiang~ogenic therapeutic strategies have been pro- 
posed for a number of disorders :that involve neovas- 
cularization and inflammatory, tissue injury. 29 
Angiogenesis:.may also be an iinportant process in 
the progressionof atheroscler0tic lesions, most 
prominently in the coronary and carotid arteries .30-aa 
Plaque neovascularizationis believed to contribute to 
lesion instability;: in that friable new capillaries, and 
possibly the pr0teinasesproduced byEC, may :lead 
to complications such as subintimal hemorrhage, 
laque disru tion, and surface thrombosis aa In P P 9 
several studies of angiogenesis in atherosclerosis, 
intimal or plaque neovascularization has been be- 
lieved to originate from adventitial vasa vasorum by 
transmural capillary ingrowth.al'a2 Although it might 
be assumed that atherosclerosis n large elastic 
arteries, such as the abdominal aorta, would follow 
similar patterns, few data address how angiogenesis 
might be involved in degenerative aortic disease. This 
may be particularly important given that the human 
abdominal aorta, unlike the thicker-walled thoracic 
aorta, does not normally contain vasa vasorum within 
the elastic media. 34 
In this study, we characterized the presence and 
structure of neovascularization i  the pathologic 
aortic wall with a particular interest in possible 
differences between AOD and AAA and document 
for the first time the unique and characteristic 
patterns :of aortic wall microvascularity that occur in 
these two different types of degenerative aortic 
disease. By morphometric analysis, MNV was sig- 
nificantly increased in aortic aneurysms as compared 
with normal and atherosclerotic aortas, and angio- 
genesis within the aortic media was spatially corre- 
lated with pathologic features of aneu ry smal change, 
particularly disruption of the elastic lamellae and 
chronic inflammation. MNV may provide a useful 
and reliable histologlc marker of the pathologic 
alterations associated with AAA. In addition, immu- 
nohistologic techniques provide enhanced sensitivity 
for the detection and quantification ofMNV, and this 
method has produced several new observations that 
mav have important implications for understanding 
the development of aortic aneurysms. 
As noted above, the elastic media of the infrarenal 
human abdominal aorta is normally not supplied by 
microvessels from the adventitial vasa vasorum. 34 
Although the inner third of the media is believed to 
receive oxygen and soluble nutrients by diffusion 
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Fig. 3. Neovascularization within outer wall of AAA is associated with chronic inflammation. 
Immunolocalization f vascular EC (A and B) and basement membrane laminin (C) shows 
similar staining patterns for microvessels adjacent o inflammatory cell infikrates within outer 
aortic wall, along with absence of elastin. Immunoperoxidase (brown reaction product) for Ulex 
europaeus lectin; original magnification z40 (A), • 100 (B). Alkaline phosphatase/anti- 
alkaline phosphatase (red reaction product) for laminin; original magnification, • 200 (C). 
Fig. 4. Focal area of medial neovascularization in AOD. Although medial elastin is largely 
preserved, localized elastin fragmentation (solid arrows) isseen adjacent to microvascular EC and 
immune/inflammatory cells at interface between atherosclerotic plaque and elastic media (open 
arrows). Hematoxylin and eosin stain; original magnification • 40 (A), • 200 (D). Ferhoeff- 
van Giesen stain; original magnification • 40 (B), • 200 (E). Immunoperoxidase for Ulex 
europaeus lectin (brown reaction product); original magnification x 40 (C), x 200 (F). 
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Fig. 5. Focal area of medial neovascularizatiOn in AOD~ As in Fig. 4, medial elastin is largely 
prese~ed (A), ye~ infiltration of~C ifito elastic meldia occurs (solid arrows) with localized elastin 
i:ragmentation with media. Verhoeff-Van Giesen stain; original 
magnifi~ati6n • (A); Immunop~r0xidase for endothelial cell-specific Ulex europaeus lectin 
(brown reactiOn ~roduct); Original magnification • 40 (B). 
Fig. 6. Serial sections Offocal medial neovascularization shown in Fig. 5. Elastin fragmentation 
(A, solid arrows) occurs adjacent to microvascular EC (B, open arrows) and immune/inflammatory 
cells (C, solid a~ows) extending from ~intimal atherosclerotic plaque into elastic media. 
Verhoeff-van Giesen stain; original magnification • 200 (A). Immunoperoxidase forendothe- 
lial celbspecific Ulex europaeuslectin (EC, brown reaction product); original magnification • 200 
(B). Alkaline phosphatase/anti-alkaline phosphatase for macrophage-specific CD-68 antigen 
(MPh, red reaction product); original magnification • 200 (C). 
from the lumen, the nutrient supply to the outer two 
thirds of the media is considered to be tenuous. A 
poor blood supply combined with a high degree of 
local wall tension, particularly in relation to wall 
thickness and the number of elastic lamellae, has led 
to the idea that these anatomic features predispose 
the infrarenal abdominal aorta to aneurysmal dilata- 
tion. The presence of intimal atherosclerosis may 
further compromise the nutrient supply to the outer 
media, subjecting the smooth muscle cell layers to 
ischemic injury exacerbated by repeated or sustained 
hemodynamic wall stress. Our findings, however, 
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Fig. 7. Morphometric analysis of medial neovasculariza- 
tion in abdominal aortic tissues, A, Distribution of 
individual vessel counts (mean of five contiguous HPF) for 
aortic specimens according to age and tissue type. Closed 
circles, normal aorta; closed squares, AOD; open circles, AAA. 
B, Overall mean +- standard error (SEM) of vessel counts 
for each aortic tissue type. Asterisk represents ANOVA, 
Student-Newman-Keuls Te t, p < 0.001. 
demonstrate that infrarenal aneurysms have increased 
aortic wall microvascularity. Rather than preclude a
role for medial ischemia in the cause ofaneurysms, we 
speculate that ischemic SMC may release angiogenic 
factors that stimulate neovascularization within the 
media. In support of this view, ischemia induces the 
release of angiogenic factors in other systems, 3sand 
Koch et al.a6 have demonstrated the production of 
angiogenic proteins by human AAA tissues. 
Whereas a specific cause-effect relationship be- 
tween aortic atherosclerosis and aneurysms has been 
challenged in recent years, a our observations on 
MNV in the abdominal aorta have caused us to 
reconsider how these two patterns of degenerative 
aortic disease may be related. Specifically, we pro- 
pose that, in particular situations, an angiogenesis- 
dependent transition from atherosclerosis to aneu- 
rysmal degeneration might occur. Several specimens 
of AOD examined in this study are particularly 
illustrative of this concept (Figs. 4 and 5). Although 
they were obtained from patients undergoing aortic 
reconstruction for occlusive disease with no unusual 
features at the time of operation, the histologic 
findings revealed certain features of the aortic wall 
that appeared similar to those of aneurysmal disease, 
although occurring in a more localized pattern. In 
each of these specimens, focal areas of elastin 
fragmentation were associated with the atheroscle- 
rotic intimal plaque along the inner aspect of the 
media, which was otherwise intact. These areas of 
disrupted elastin were concomitantly associated with 
strikingly localized neovascularity and infiltration of 
chronic inflammatory cells into the media, features 
not observed in most specimens of AOD. Close 
inspection of these sections further indicated that 
microvascular EC appear to form the leading edge of 
an infiltrative process extending from the atheroscle- 
rotic plaque into the media (Figs. 5 and 6). we 
interpret these findings to reflect a transitional phase 
of aortic degeneration between occlusive atheroscle- 
rosis and aneurysm development, based on the strong 
spatial correlations between localized medial neovas- 
cularization, chronic inflammatory cell infiltration, 
and destruction of medial elastin. Furthermore, we 
suggest that localized elastin degradation, mediated 
by proteinase-producing EC, releases chemotactic 
elastin degradation peptides, which may subse- 
quently act to indte an inflammatory response by 
recruiting monocyte/macrophages and lymphocytes 
into the media. These cells, in turn, might act to 
accelerate elastin degradation by additional proteo- 
lyric mechanisms. 
AAA are invariably associated with chronic in= 
flammation composed of lymphocytes and cells of 
monocyte/macrophage lin age, many of which also 
play a role in atherogenesis, a7,a8 Whereas inflamma- 
tory cells in occlusive atherosclerosis are localized to 
the thickened neointima nd atheromatous plaque, 
the immune/inflammatory infiltrates in AAA occur 
throughout the outer aortic wall Activated tissue 
macrophages produce a number of connective tis- 
sue-degrading enzymes capable of degrading in- 
soluble elastin, and studies in our laboratory have 
demonstrated specific localization of the elastolytic 
metalloproteinase 92-kd gelatinase to aneurysm- 
infiltrating macrophages in the outer wall of AAA. Is 
These findings appear to support current views for 
the role of chronic inflammation in the elastolytic 
pathogenesis ofAAA, an interpretation that has been 
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Fig. 8. Hypothetical scheme of pathophysiologic events that might be involved in develop- 
ment of AAA. Transition from aortic atherosclerosis to anenrysmal degeneration, i itiated by 
ischemic vascular SMC injury within inner media, generates an angiogenic response xtending 
from base of atherosclerotic plaque. EC infiltrating into elastic media cause focal degradation of
elastin through expression of elastolytic protemases. Localized release of elastin-degradation 
peptides (EDP) causes econdary chronic inflammatory response, facilitated by presence of 
medial neovascularization. Accelerated matrix proteolysis generated by angiogenic/inflam- 
matory response ultimately leads to progressive destruction of media nd aneurysmal dilation. 
Progression ofproteolytic cascade to involve collagen and aortic adventitial layer eventually leads 
to aneurysm rupture. 
further strengthened by experimental models of 
elastase-induced aortic aneurysms, s9,4~ However, the 
question of whether the inflammatory response in 
human AAA occurs before the initiation of aneurys- 
mal change, or as a secondary response caused by 
other factors remains unresolved. In this study, we 
found that the chronic inflammation observed in 
diseased aortic tissues is closely correlated with 
MNV. This raises the additional possibility that 
angiogenic responses within the elastic media of the 
aortic wall play an important role in aneurysmal 
degeneration, and that M_NV might even precede the 
inflammatory changes during the early stages of 
aneurysm development. I  is also likely that infiltra- 
tion of inflammatory cells into the media, a process 
dependent on transendothelial migration, would be 
facilitated by the presence of a local network of 
microvessels. 
In the "end-stage" human aortic aneurysm tissues 
typically examined, these hypothetical early events 
would be obscured by the dense neovascularization 
and chronic inflammation present in the aortic 
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media, where the elastic structures have long since 
beefl destroyed. Based on our findings reported here, 
we suggest hat any previous etiologic progression 
from atherosclerosis to aneurysm development might 
have been likely to take place at the junction of the 
intima with the inner aspect of the media, rather than 
from the outer aspect of the aorta where the vasa 
vasorum normally exist. Such a progression of disease 
might be best characterized by the induction of an 
angiogenic/inflammatory response from the athero- 
matous plaque into the media, with associated 
disruption and degradation of elastic components 
(Fig. 8). Although this hypothesis has not been 
previously forwarded for the pathogenesis of AAA, 
biologic precedents exist for the angiogenesis- 
dependent progression of other pathologic processes, 
such as the tissue destruction seen in rheumatoid 
arthritis. 41 How other factors might modulate such a 
pathophysiologic transition from AOD to AAA in 
individual patients, such as genetic predisposition, 
regression of atherosclerotic plaques, emphysema- 
tous pulmonary disease, and mechanical wall stress 
associated with hypertension, remains speculative at 
present. 
The results presented here provide morphologic 
evidence that the medial elastin degradation asso- 
ciated with AAA is not a feature of typical AOD 
and that the pattern of elastin degradation in 
aneurysms is paralleled by the changes in aortic 
wall neovascularization and chronic inflammation. 
These findings support the hypothesis that pro- 
liferative neovascularization of the aortic media 
may be associated with a local increase in produc- 
tion of connective tissue-degrading proteinases in 
AAA and that this histopathologic feature of an- 
eurysms is likely to be of pathophysiologic signifi- 
cance in the development, growth, and eventual 
rupture of AAA. Additional work is required to 
evaluate this hypothesis regarding the role of an- 
giogenesis in AAA. In particular, more extensive 
evaluation of age-matched human abdominal aortic 
specimens will be needed to determine the true 
incidence of "transitional" atherosclerotic hange. It 
will also be of interest to examine further the 
interactions of vascular EC with the elastic media 
and the potential for EC to produce elastolytic 
proteinases. 
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Brent Allen, Wayne Flye, Todd Howard, and Steven 
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DISCUSSION 
Dr. Wi l l iam H. Pearce (Chicago, Ill.). This is a 
carefully performed histologic study that clearly documents 
the neovascularity found in the aortic wall in patients with 
AAA. This finding is confirmed by our own operative 
experience. When we operate on aneurysms, we notice 
reactive lymph nodes, as well as a vascular arterial wall that 
often requires additional electrocautery to control hemor- 
rhage from the aortic wall. 
Neovascularity and the role of the vasa vasorum is 
gaining increasing attention in vascular biology and 
medicine circles. Prominent among these individuals i Dr. 
Peter Libby, who has studied the role of neovascularity in 
plaques, particularly in the coronary circulation, and 
suggests that this neovascularity in plaques leads to plaque 
rupture, hemorrhage, thrombosis which is again another 
area of importance for the National Institutes of  Health. 
In our own work, we found that the neovascularity, 
particularly in adventitia, is associated with many of the 
enzymes that are responsible for destruction of the 
aneurysm; perhaps control of  this neovascularity might be 
an important strategy in the future. 
The method used in this study is rather straightfor- 
ward, and one could use autopsy specimens for their 
studies. Therefore, instead of using totally normal patients 
of age 40, have you any data to give us on age-matched 
control subjects? There are a number of age-related changes 
that occur in the aorta, and these may be important in the 
development of the neovascularity described. 
Does an ischemic media produced by lack of vaso 
vasorum or the inflammatory esponse initiate the neovas- 
cularity? The authors uggest that it is the former. Ischemic 
SMC initiate the neovascularity. Do you have any evidence 
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to support hat an ischemic SMC is chemotactic for EC? 
We believe that the neovascularity is drawn to the aorta on 
the basis of inflammatory cells, particularly the macro- 
phage. We believe that the macrophages are recruited 
because of low-density lipoproteins. 
Are elastin fragments chemotactic or angiogenic for 
EC? 
With regard to peripheral aneurysms, we focus much of 
our attention on infrarenal aneurysms. Have you looked at 
peripheral aneurysms to find a similar role for the 
neovascularity? I suspect hat the genesis of  aneurysms i
multi factorial. 
Dr. Dennis R. Holmes. The question regarding the 
choice of normal tissues and age is very important. The 
tissues that we used were obtained directly from the 
operating room. Because we were also doing molecular 
biology studies on the same tissue samples, we were 
concerned with how the tissue was handled, and that time, 
it was not appropriate to use autopsy specimens. Since 
then, we have been collecting fresh autopsy specimens, and 
our goal is to acquire sufficient age-matched specimens for 
comparison between each of the sample groups. We also 
are interested in the autopsy specimens because we would 
like to characterize to a greater extent his "transitional" 
type process that we believe we're seeing in the atheroscle- 
rotic aortas. 
Your question regarding whether SMC ischemia might 
ultimately lead to angiogenesis i  excellent. We do know 
that SMC are capable of producing basic fibroblast growth 
factor (bFGF), and that bFGF is a potent angiogenesis 
factor~ Any type of SMC injury that causes cell death, 
including ischemia, can be expected to relase bFGF into the 
local environment. Another interesting thing to note 
regarding basic FGF is that it is stored in the extracellular 
matrix, and degradation of the matrix causes its release; 
thus the process of angiogenesis can be amplified by that 
means as well. 
There is evidence that elastin degradation peptides have 
significant biologic activities. In particular, elastin degra- 
dation peptides are chemotactic for monocytes, macropha- 
ges, and fibroblasts. These cells, in turn, are capable of 
producing angiogenic factors. Elastin destruction and 
release of elastin degradation peptides may indirectly cause 
angiogenesis. 
